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Isochronous Queue and Buffer Management 
field of the invention 

The present invention relates generally to switches. More specifically, the present 
invention relates to isochronous queue and buffer management in switches. 

BACKGROUND OF THE INVENTION 
The IEEE Standard for a High Performance Serial Bus, IEEE Std. 1394-1995 
published August 30, 1996 (1394-1995 Standard) and its progeny provide a high speed 
serial protocol which permits implementation of high speed data transfers. The existing 
progeny includes PI 394a Draft Standard for a High Performance Serial Bus (1394a 
Standard) and P1394b Draft Standard for a High Performance Serial Bus (1394b 
Standard). Generically, systems implementing 1394-1995, 1394a, 1394b or subsequent 
revisions and modifications thereof are referred to herein as 1394 systems. 

The IEEE 1394 standard is an international standard for implementing a high- 
speed serial bus architecture, which supports both asynchronous and isochronous format 
data transfers. The IEEE 1394 standard defines a bus as a non-cyclic interconnect. 
Within a non-cyclic interconnect, devices may not be connected together so as to create 
loops. 

In networks, switches filter and forward packets between local area network 
segments. In packet switching, packets are individually routed between nodes with no 
previously established communication path. An algorithm is used to route packets to 
their destination through the most expedient route. The destination computer reassembles 
the packets in their appropriate order. Packet switching optimizes the use of bandwidth 
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available in a network and minimizes the latency (the time it takes for a packet to cross a 
network connection, from sender to receiver). 

In a 1394 network with multiple 1394 buses and 1394 switches, all the 1394 buses 
should be synchronous. But due to cycle skewing, the cycle start packets are not all 
^gei^rated at the sametime in different 1394 buses. C ycle skewi ng occurs when a l ar^e 
asynctongus jjacketi s sent over a bus and the large_pack etisiate. which may delay the 
start of the next cycle. 

In a switch, there may be packets arriving from different ingress ports routed to 
one egress port. Because of cycle skewing, a packet from one cycle may arrive in the 
egress port after a packet from a subsequent cycle. 

Packets being switched may also be transmitted out of order from the switch 
because a first packet amying before a second pack etjit a switch may not be completely 
receive d before the second packetjs co mpletely received. Thus, the second packet would 
be sent out before the first packet because the second packet was completely received 
before the first packet. 
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SUMMARY OF THE INVENTION 



A method of processing packets in a switch is described. A first queue is selected 
from at least three queues based on the cycle number (C) of a cycle and flushed at the 
start of cycle C. At least one isochronous packet is received over a bus during the cycle. 
The packet is placed in a second queue based on the cycle number. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
Features and advantages of the prevention invention will be apparent to one 

skilled in the art in light of the following detailed description in which: 

Figure 1 is a block diagram of one embodiment of a switch in a communications 

network; 

Figure 2 is a block diagram of one embodiment of a switch; 

Figure 3 is a block diagram of packet processing in one embodiment of a switch; 

Figure 4 is a block diagram of buffer management in one embodiment of a 

switch; 

Figure 5 is a block diagram of delay adjustment in one embodiment of a switch; 

and 

Figure 6 is a flow diagram for packet processing in one embodiment of a switch. 



04509.P010 



5 



DETAILED DESCRIPTION 
^ CAmethod and system for a method and system for^sochronous queue and buffer 

management are descnbed. 



In the following detailed description of the present invention, numerous specific 
5 details are set forth in order to provide a thorough understanding of the present invention. 
However, it will be apparent to one skilled in the art that the present invention may be 
practiced without these specific details. In some instances, well-known structures and 
devices are shown in block diagram form, rather than in detail, in order to avoid 
obscuring the present invention. 

10 Figure 1 is a block diagram of one embodiment of the switch in a 

communications network. Switch 20 is connected to devices 1-5, a wide area network 7 
and a local area network 6. Devices 1-5 may include audio, video and/or audio/video 
devices including storage systems and telecommunications. The wide area network may 
include the internet or proprietary network or a television communications network. 

15 Figure 2 is a block diagram of one embodiment of a switch. Figure 2 shows a 

switch 220 including a processor 228 and a buffer 229. The processor 228 directs 
operations within the switch 220 and the buffer 229 stores switched packet streams to be 
transmittedj as described below. Switch 220, according to one embodiment, is configured 
to switch packets on a IEEE 1394 Standard Serial Bus. 

20 Figure 3 is a block diagram of packet processing in one embodiment of a switch. 

Figure 3 illustrates a switch 320 having ingress ports 321-324 and egress ports 331-334. 
The number of ingress ports and egress ports in the switch may vary depending on the 
application and how many devices or buses are served by the switch. 
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Each ingress port 321-324 receives a stream of packets. Ingress port 321 receives 
a stream of packets including packets 3 1 la-b, 3 12a-b, and 3 13a-b. Ingress port 322 
receives a stream of packets including packets 31 lc-d, 312c-d, and 313c-d. Ingress port 
323 receives a stream of packets including packets 31 le-f, 312e-f, and 313e-f. Ingress 
port 324 receives a stream of packets including packets 31 lg-h, 312g-h, and 313g-h. 
Each ingressport 321-324 may be as sociated w ith an IEEE Standard 1394 Bus (not 
shown) or other connections or channels including ethernet, asynchronous transfer mode 
(atm), T-l or T-3 carrier, OC-X or any other suitable connection. Packets in packet 
streams 311-313 may be isochronous packets, according to one embodiment, or any other 
type of packet that is suitable. 

Figure 3 shows packet streams 311-313 arriving at ingress ports 321-324 as 
follows: packets 3 1 la-h arrive at ingress ports 32 1-324 during cycle (N) 35 1 ^packets // 
312a-h arrive at ingress ports 321-324 during cycle (N + 1) 352, and packets 3K$a-h 
arrive at ingress ports 321-324 during cycle (N + 2) 353. 

Figure 3 shows packet stream 3 1 1 leaving switch 320 through egress ports 331- 
334 at cycle (^+2T353>^ackets 311 arriving at switch 320 at cycle N may be switched 
during cycles (N), (NTH) and, possibly (N + 2). Tjhe packets 31 1 are sent out during 
cycle (N + 2), two cycles after they arrive. As shown in egress cycles 351 and 352, 



packets 309, which arrived during cycle - 2) (not shown) are sent out at cycle (N) 35 1 
and packets 310, which arrived during'cycle (N - 1) (not shown) are sent out at cycle (N + 
1) 352. \ ^ x 
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The minimum delay of a 1394 isochronous packet in a 1394 switch is two 1394 
cycles. Thus, the 1394 switch 320 uses a buffer management system, as discussed below, 
to assure that packets arriving at a cycle (N) 35 1 are sent out in a cycle (N + 2) 353. 

Figure 4 is a block diagram of a buffer management system in one embodiment of 
a switch. In the embodiment shown, buffer management system 450 includes four queues 
Q0-Q3 45 1-454 each having a Used pointer 45 l-454a and a Free pointer 45 1 -454b. 
Although the buffer management system 450 shown in figure 4 includes four queues, 
three queues may be used instead. Each egress port 33 1-334 has a buffer manag emen t 
system 450 including four queues Q0-Q3^451-45^ 

In the embodiment shown, packet streams 41 1, 412, and 413 ha ve arrived at a_ 
switch 320. J acket streams 41 1-413 include packets 41 la-41 Id, 412a-412d and 413a- 
413d, respectively. The queue n umbers con^ p^ ^tothg^g}^ of the switch 320 in 
wh ich the pa cket streams 411-413 will be seni: out. JAs shown by block 435, a packet 



stream P0(C0) 413, where (CO) represents a time stamp of cycle CO, arrives at cycle CO 
^and will be sent out at cycle C^) - * 

As egress packet queues 451-454 are filled up, the free pointer values 451 -454b 
are set at free = n, where n ^^resents^the point at which jjackets mayJbe-ad decLtCLqueues ^ 
45 1-454 . Thus, as shown with reference to Q2 453, f ree pointer 453b points to the free 
space aft gr_packet^41 3c, where packet 413d j sto be re c eived^ 

Also, as the packet queues 451-454 are filled up, t heused pointer ^ ueJsjejUo 
Represe nt the^xt packet to be^t^Mi^mi tte ^^ as shown by pointers 451 -454a. As shown 
with reference to Q2 453, used pointer 453a is set to 0 ai^pj^int^j^ace^^ 

\ 

V next packet is to b e transmitted from the^queue Q 2 453 , throughan egress port_33 1-334 _ 



# 



of switch 320. With reference to Q0 45 1, which is in the process of transmitting packets, 
the used pointer value 451a equals m, where m represents the space from which the next 
packet will be sent. 

When an packet queue 451-454 is flushed or cleared, a usedpointerval^ 451- 
454b is set to 0 to show that the space from which the next packet is to be transmitted. As 



shown with reference to Q3 454 , used p ointer 454 b points to the space from which the 



next packet is to be transmitted from queue Q3 454, through an egress port 33 1-334 of 
switch 320. Also, when an packet queue 45 1-454 is flushed or cleared, a free pointer 
value is set to 0 to show that the queue is empty. As shown with reference to Q3 454 , to 



; J5 10 show that the queue 454 is free, 454a is set to 0 to point to the place iiLqueue_Q3jl54^ 

where the next packet_ma v_be fl teced^. 
ffl At any give^ycleCof the switch 320, there are isochronous packets in the 



switch 320 which arrived in cyqleC^C^l 557,^anc^C ^2 556. To guarantee the packets 

j: are sent in the proper cycle, at le ast th ree packet qu^ j^^^ ^ 

Q 

: sj 15 Figure 5 is a block diagram of delay adjustment in one embodiment of a switch. 

Q A delay adjustment may become necessary where cycle skewing, as described above, 

occurs. A switch 320 includes an inbound cycle 525, a transition cycle 526 and an 



outbound cycle 527. Packet streams 51 la-d, 512a-d, 513a-d, and 514a-d are received at 
switch 320 during cycles C - 3 555, C - 2 556, C - 1 557, and C 558 of the inbound cycle 
20 of the switch. 

In the embodiment shown, input packets 511 comes in at inbound cycle C - 3 555 
and input packets 512 starts to come in at inbound cycle C - 2 556 of inbound cycle 525. 
However input packet stream 512 includes packet 51 2d which comes in at the end of 
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556a to accommodate the^late^p^ket^and c ycle C- 1 557 is shortened. 



cycle C - 2 556 and almost in cycle C - 1 557. Thus, cycle C - 2 556 is ej^anded ^roni fcr\ ' ^ 

. .... 



In transition cycle 526, packets 512a and 512b of input packets 512 are switched 
during cycle C - 2 556 and placed in the appropriate egress packet queue 451-454, while 
packets 512c and 5 1 2d are, s witched at cycle C - 1 557 and placed in the appropriate 



i 1 



v< 



packet queue 45 1-454. Because packets 512 arrived during inbound cycle C - 2 556^t 



will be buffered to g^uL^t^vcle C<even though a few of the packets were late. Thus, 



input packets 512 is sent out at cycle C 558 of outbound cycle 527. 

Packets 511, received at cycle C - 3 555 is switched during cycle C - 2 556 of the 
/ 10 transition cycle, and sent out at cycle C -L 557. However, packets 511 need not beX 
v switched at cycle C - 2 556. Packets 513, which is received during cycle C - 1 557 is 

ffl ^ $ switched during cycles C -1 557 and C 558, and will be sent out during cycle C V l,not 

jjj / , — - 

y?< Jy v shown. Packet 513a is switched-during-Gycle-C-==-L557„and-packets^-l-3b-d-are-switched 




□ A 

p ^ di^g^ycleC^558. Also, as shown, packets 5 14a-b are switched at cycle C 558, the 
4 15 cycle during which packets 514^wasMnput. 



9.1V- \j 

. . ; , . .. 

At processingj^lock 671, a first queuej p^g j^d^ | ^ y ^ h J 



Figure 6 is a flow diagranrfor packet processing in one embodiment of a switch. 



cycle of the switch 220. [At processing block 672, the first queue is flushed at_the_siait o f )! a^s™ / 
the cycle. At processing block 673, an isochronous packet is received over a bus. At ^ q I ^1 ft**> 



20 processing block 674, thejacket isj^ 



th^^ le.. The multiple packet queues Q0-Q3 451-454 are u ^f^ n ^^ ^ ^l^^ ^^ ^ e O^v") 

ig_or der of packets that\ 
to theegre ss 1394 cycieJime ^ ^ 



1 394 sw itch toregglgjy ^ differenU:vc ^^ 
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Thus, if n queues are usedjoreach port , where n > 3/ packets that arrived in cycle 
^ff^J^ would go to qi^bue number (C + 2) % n (where % stands for remainder). In cycle C, the 



^^egress port ends packets from.q ueii(EL(_C %jiKjrhus, if cycle number C is 5 and the 
number of queues equals 4, the egress port will send packets from queue number Ql, 
5 since the remainder of (5 / 4) is one. ^ o fi j _ ^oe 

When a packet stream 41 1 arrives at the egress port, as represented in processing 
block 673, a packet buffer 451-454 is allocated from the packet buffer pool to hold the ^ 



m 

•rsr 

• « 
;j g 



complete packet. When this packet departs, there is no need to free the memory 

associated with this packet buffer. Rather at the be ginning of each cycle C, all memory in H f # 

10 the packet buffer paoLassociated with pa cket queue number (C - 1) % n i sjgclann ec^ 

_ ^ 

Thus if the cycle number is 5 and the number of queues equals 4, Q0 451 would be 
flushed at the beginning of cycle five while Ql is being filled up. Thus, the queue be ing 
filled, the queue being flushed and the queue having packets transmitted are all based o n 
the cycle number of the 1394 switch. 
15 In the foregoing specification, the invention has been described with reference to 

specific embodiments thereof. It will, however, be evident that various modifications and 
changes can be made thereto without departing from the broader spirit and scope of the 
invention as set forth in the appended claims. The specification and drawings are, 
accordingly, to be regarded in an illustrative rather than a restrictive sense. 
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